Introduction its N terminus, to F-actin via its central repeats domain, and to a number of signaling molecules, including src Cell migration, vesicle movement, and many other cellukinases, Shank, CortBP, ZO-1, and dynamin, via its C-terlar processes require rapid induction of actin polymerminal proline-rich and SH3 domains [17] . In cells, cortacization [1] . Nucleation of actin to form new filaments tin is targeted to sites of active actin assembly by Rac1 often occurs by activation of Arp2/3 complex, a seven- [18] and colocalizes with Arp2/3 complex in lamellipodia protein complex containing two actin-related proteins [18, 19] [10] . In determined by sedimentation velocity. Both measurements of the Stokes radius are substantially larger than previous studies, activation of Arp2/3 complex by cortactin was additive or even synergistic with the constituwould be expected for a globular protein of molecular mass 63.5 kDa. For example, bovine serum albumin tively active VCA domain of N-WASp (VCA) [ (Figure 1) showed it to be a slender threadlike molecule, between cortactin and N-WASp VCA with respect to Arp2/3 activation. To address this paradox, we have now investigated how cortactin and N-WASp VCA interact with Arp2/3 complex, using physical and functional assays. The results indicate that cortactin and VCA compete for binding to the Arp3 subunit but may still simultaneously bind Arp2/3 complex because VCA also binds to the Arp2 and ARPC1/p40 subunits. The N-WASp VCA in this ternary complex is fully functional in its ability to activate Arp2/3 complex, and this provides a model for how cortactin and N-WASp interact with Arp2/3 complex to promote actin assembly.
Results

Cortactin Is an Elongated Flexible Monomer
To understand how cortactin interacts with Arp2/3 complex and actin filaments, we first determined the shape and size of cortactin. Previous studies suggested that cortactin may be a multimer [11, 26] . We determined the native molecular mass of cortactin by equilibrium sedimentation (Table 1 ; also see the Supplementary Material available with this article online). A molecular mass of 63.5 kDa was calculated from the experimentally determined effective reduced molecular weight (⌺) and tional coefficient for cortactin (f/f 0 ) is 1.8, consistent with with a width close to the resolution limit of the platinum that was used to replicate the molecules after freeze drying. This platinum forms ‫02ف‬ Å beads in such a replica. We also occasionally saw larger threads that probably represented self-associated or aggregated cortactin. When mixed with Arp2/3 complex, cortactin was seen as a slender thread attached at one end to Arp2/3 complex, a formation that is consistent with the previous identification of the Arp2/3 binding site near the N terminus of cortactin. We were not able to visualize cortactin bound to actin filaments or at filament branch points, probably because cortactin is much thinner than the actin filaments. The average length of optimally replicated cortactin molecules was 220 Ϯ 30 Å (mean Ϯ SD, n ϭ 91), which is slightly shorter than the 290 Å length predicted by elliptical modeling of the results of the velocity sedimentation studies ( Table 1, (Figure 3C) . Figure 5C , quantitation by densitometry of films from three separate experiments graphed in Figure 5D ). A VCA mutant in which the conserved tryptophan in the DDW motif was changed to an alanine (W503A) had unchanged crosslinking to Arp3, Arp2, or ARPC1/p40 and unchanged activity ( Figure 5 ). It is possible that the removal of acidic residues from ⌬498-505 VCA affected the crosslinking of VCA to Arp3 without fully abolishing the binding of VCA to Arp3. However, these data support the prediction that the shared DDW motif in VCA and cortactin is involved in Arp3 binding and that this interaction is not necessary for activation of Arp2/3 complex supmatin.htm. Stereo pairs were then converted to anaglyphs, and optimally separated molecules were selected by hand as 300 ϫ 300 pixel crops Acknowledgments with Adobe PhotoShop. Images were masked by superimposing identical three-dimension dark and light images, viewing them with
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